A functional single nucleotide polymorphism (SNP) 309 T/G within mouse double minute 2 (MDM2) gene has been linked to onset and outcome of disease in tumors. Two published studies have shown discordant results regarding the effect of this SNP on age at diagnosis of cutaneous melanoma (CM) in Caucasian female populations. Here, we examined the age at diagnosis and clinical associations of CM with SNP309 and the related polymorphism, p53 Arg72Pro, in an Italian population (249 CM patients and 291 cancer-free controls) composed of women and men. MDM2 intronic region of 294 bp was directly sequenced, whereas Arg72Pro SNP was analyzed by polymerase chain reaction-restriction fragment length polymorphism. No associations were found among the SNP309, Arg72Pro, risk of CM, age at diagnosis and presence of metastasis in total subjects and when stratified according to the gender. The SNP309 was significantly associated with tumor Breslow thickness. The P-value in the minor allele recessive mode was 0.02, and the odds ratio (OR) adjusted for gender and age was 3.11 (95% confidential interval (CI)¼1.21-8.00). The SNP309 is not associated with the risk and age of onset of CM, and the presence of metastasis in an Italian population but the SNP309 GG may be a risk genotype for increasing in tumor Breslow thickness.
INTRODUCTION
The human homolog of mouse double minute 2 (MDM2) is a negative regulator of the tumor protein p53 (TP53). MDM2 is a nuclear phosphoprotein that binds to TP53 and inhibits TP53-dependent transcription. 1 Overexpression of this gene can result in inactivation of TP53, diminishing its tumor suppressor function. 2 MDM2 has also been shown to promote tumor growth in a TP53-independent manner. 3 A single nucleotide polymorphism (SNP) within intron 1 of MDM2, a T-to-G substitution (T/G) at position 309 (SNP309) (rs2279744), has been shown to lead to enhanced binding of the Sp1 transcription factor, resulting in elevated levels of both MDM2 mRNA and protein, thereby attenuating the p53 response. 4 In Li-Fraumeni patients, individuals homozygous or heterozygous for SNP309 (GG or TG) were shown to develop cancer at an earlier age than wild-type individuals; in patients with sporadic soft tissue sarcomas, the 309 GG genotype correlated with an average 12-year earlier age of diagnosis. 4 SNP309 was thus postulated as a potential modulator of cancer susceptibility. 4 Since the publication of the original report, 4 a number of studies have explored whether SNP309 was associated with the risk or the age of onset of different types of cancer. These studies of the SNP309 polymorphism have demonstrated variable frequencies of SNP309 GG depending on race and ethnicity. [5] [6] [7] [8] Similarly, the association between SNP309 and the development of cancer has produced conflicting data. 9 A recent study in cutaneous melanoma (CM) found that the MDM2 SNP309 GG genotype correlated with earlier onset age. 10 An other study reported no significant association with age of diagnosis and risk of CM. 11 Both studies were performed only on Caucasian women. Several studies in other tumors have examined the association between MDM2 SNP309 and a well-studied polymorphism in p53, Arg72Pro (rs1042522; R/P). The results have shown positive associations between the proline/proline (PP) genotype and disease risk for some tumor types (for example esophageal squamous cell carcinoma, lung cancer, renal cell carcinoma [12] [13] [14] but no association for other tumor types (for example colorectal cancer, breast cancer 15, 16 ). The association between the p53 Arg72Pro polymorphism itself and melanoma risk is controversial, [17] [18] [19] [20] with some studies showing associations between melanoma risk and the PP genotype, 17, 19 but others showing increased melanoma risk with the arginine/arginine (RR) genotype. 18, 20 In light of these findings, we examined the MDM2 SNP309 and p53 Arg72Pro genotypes to determine whether they could be linked to an increased CM susceptibility, age of cancer diagnosis and clinical pathological variables in an Italian population composed of women and men.
MATERIALS AND METHODS Subjects
For this case-control study, 249 patients with melanoma (102 males and 147 females; median age 37.0 years (13.0)) were tested. Patient data were compared with data from 291 cancer-free controls (110 males and 181 females; median age 37.0 years (12.0)). Patients and healthy controls enrolled in the study originated from Campania, a region of Southern Italy. The patients were diagnosed with CM at the Department of Dermatology, National Institute of Tumors G. Pascale between 2000 and 2007, of whom blood for DNA preparation was available, were included in our study. Clinical data (including sex, age, Breslow thickness and presence of metastasis) were retrieved from patients' medical records. Our sample consisted of 73 melanoma in situ and 176 invasive CM with median tumor Breslow thickness of 1.00 mm (1.50). Thirty-three patients presented with metastases (26 with only lymph node metastasis and 7 with lymph node and visceral metastasis). The primary tumor and any signs of progression were determinate according to recent classifications detected and confirmed by sonography, computed tomography or histopathology after surgical removal. 21 Given that people from Campania are exposed to the sun frequently, 40% of children have sunburns during holidays and 71.2% stay in the sun from 1100 to 1600 hours, 22 we included in this study only the cases who had more than three sunburns defined as episodes of intense erythema with or without blisters causing pain and discomfort for 42 days. 23 This explains the low-median age (37.0 years) of our patients. The cancer-free control subjects were recruited during the same period from cancerfree visitors to the Department of Dermatology, National Institute of Tumors G. Pascale who were not seeking medical care but instead accompanied patients to our outpatient clinics and were frequency matched to patients with CM by age, sex, history of sunburns and ethnicity and not blood related to the patients. They were free of clinically manifest disease in their personal history, and free of malignant skin diseases at the time of inspection served as healthy populationbased controls. This study was approved by the local ethics committee.
Genotyping
Genomic DNA was prepared from blood using Wizard Genomic DNA purification kit (Promega, Milan, Italy). The genotyping of MDM2 SNP309 (rs2279744) was performed by direct sequencing. Briefly, a fragment of the MDM2 intronic region of 294 bp was amplified from genomic DNA by polymerase chain reaction (PCR) in a 25-ml volume with Master Mix (Promega). The oligonucleotide primers were designed from the intronic sequence of the human MDM2 (forward 5¢-GTTTTGTTGGACTGGGGCTA-3¢, reverse 5¢-TCGGAACGTGTC TGAACTTG-3¢). The PCR products were checked by DNA agarose gel electrophoresis. Direct sequencing was performed using the Dye Terminator Cycle Sequencing FS Ready Reaction Kit (Perkin-Elmer Applied Biosystems, Waltham, MA, USA) and a 373A DNA sequencer (Applied Biosystems, Branchberg, NJ, USA). On sequencing MDM2 intronic amplicon (294 bp), an additional already reported SNP (344 A/T; rs119633) was detected in the control and CM populations. Genotypes of p53 Arg72Pro (rs1042522; R/P) were determined by restriction fragment length polymorphism analysis using BstUI (New England Biolabs, Ipswich, MA, USA). A fragment of the p53-coding region of 313 bp was amplified from genomic DNA by PCR as above described using the primers: forward 5¢-GTCCCAAGCAATGGATGATT-3¢, reverse 5¢-CAGGCATTGAAGTCTCATGG-3¢. The restriction fragment length polymorphism assay was performed in 12 ml reaction volume containing the PCR product and the restriction enzyme. In the presence of the p53 P allele, the enzyme cut its 313-bp PCR product into two bands of 205 and 108 bp.
Statistical methods
The characteristics of CM patients were summarized using medians with interquartile range for continuous variables and percentages for categorical variables. Comparison of genotypic frequencies between groups was performed by w 2 test. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to assess the relative disease risk conferred by a specific genotype. Genotype frequencies were tested for agreement with Hardy-Weinberg equilibrium using w 2 test based on the likelihood theory, using estimates of allele frequencies. A logistic regression was used to determine whether the SNP309 genotype was an independent predictor of the increase in tumor thickness. The potential confounding factors age and gender were evaluated. Associations between genotype and age of cancer diagnosis, and Breslow thickness (mm) were determined using Mann-Whitney U test. No adjustments were made for multiple comparisons. A two-sided P-value o0.05 was considered statistically significant.
RESULTS

SNP309 and Arg72Pro frequencies in a control and CM population
We investigated the MDM2 SNP309 and p53 Arg72Pro polymorphisms in 249 CM cases and 291 healthy controls of Italian origin. As a result of frequency matching, no statistically significant differences in the frequency distribution of age or sex between patients and control subjects were found. Five samples of the cases group for the MDM2 SNP 309, seven samples of the controls and nine of the cases group for p53 Arg72Pro failed genotyping because of low DNA quality. The alleles were in Hardy-Weinberg equilibrium in the controls (P40.05). The allele frequencies for both SNPs (G SNP309 41% and P Arg72Pro 30%) in the control group were similar with others previously reported in larger Caucasian study populations. 9, 18 We found no association among SNP309, p53 Arg72Pro and risk of CM (Table 1 ; P¼0.95 and P¼0.13). As the SNP309 has been also shown to influence the cancer onset in gender-specific manner, 4 we stratified our population according to the sex. No association was found in both subgroups (women and men) for both SNPs ( Table 1) . The genotype frequencies of SNP309 in women subgroup between controls and cases were very similar (P¼0.83). These results are in accordance with those reported in the study on a Caucasian women population composed of 851 healthy controls (TT 380 (45.0%), TG 356 (42.0%) and GG 115 (14.0%)) and 218 CM patients (TT 97 (45.0%), TG 92 (42.0%) and GG 29 (13.0%)), where no risk for CM (P¼0.99) was found and the genotype frequencies of controls and cases were very similar. 11 In the analysis on the combination of the two polymorphisms, individuals with MDM2 SNP309 TT and TG genotypes, and p53 RR and RP genotypes were combined. No significant association was found in all of three groups: total, women and men ( Table 2) .
The frequencies of the genotypes TT, TA, AA of the SNP 344 A/T detected by the sequencing analysis were 280 (96.2%), 11 (3.8%), 0 (0.0%), and 234 (95.9%), 10 (4.1%), 0 (0.0%) in controls and cases, respectively. As the minor allele frequency was low (A allele 1.9% in controls), this SNP was excluded from further analyses. However, the genotype frequencies were similar to those observed in an other Caucasian population; TT 266 (96.7%), TA 9 (3.3%), AA 0 (0.0%). 24 SNP309, Arg72Pro and age of CM diagnosis The two above-mentioned studies 10, 11 have reported controversial results about the association between SNP309 and age at diagnosis of CM in female populations of Caucasian origin. So, to test whether SNP309 and Arg72Pro were associated with an earlier age of cancer onset in an Italian population, the age at first diagnosis of CM was recorded and median values plotted with respect to genotype in total patients and stratified by gender (Figure 1) . No statistically significant differences were observed for both SNPs. The median age (years) at diagnosis according to TT, TG, GG genotypes of MDM2 
SNP309 and Arg72Pro and clinic pathological characteristics
We examined SNP309 and Arg72Pro genotypes with respect to Breslow thickness and the presence of metastasis in 176 patients with invasive CM. The results are shown in Table 3 . When stratifying patients according to clinically significant Breslow thickness of 0.75 mm, 25 the SNP309 GG genotype was significantly associated with tumors thicker than 0.75 mm with an OR of 3.18 (95% CI¼1.18-8.55, P¼0.02) compared with TG and of 3.11 (95% CI¼1.12-8.64, P¼0.02) compared with TT genotype. When TG was compared with TT genotype, we found no significant association (OR¼1.00, 95% CI¼0.50-2.00, P¼1.00). Assuming a recessive model (GG vs TG+TT), we observed a significant increase of GG frequencies among patients with a Breslow thickness 40.75 mm (OR¼3.11, 95% CI¼1.21-8.00, P¼0.01). Taken together, these results support a recessive penetrance for the G allele. A logistic regression analysis was used to show that the association, in the recessive model, between SNP309 GG genotype and the increase in tumor thickness was independent factor of other confounding variables such as age and gender. Correction for these variables changed the P-value from 0.01 (without correction) to 0.02 (OR¼3.17, 95% CI¼1.22-8.21) after correction. Accordingly, subgroup analysis revealed that the SNP309 genotypes in female and male patients had the same association trend with Breslow thickness (Table 3) . The difference in P-values is probably due to the difference of the number of subjects between the two subgroups. The Arg72Pro genotype frequencies showed no significant association with Breslow thickness (Table 3) .
In addition, median tumor Breslow thickness was compared among individuals of different genotypes for SNP309. The median tumor thickness of TT, TG and GG genotype were 0.90 mm (1.00), 0.98 mm (1.89) and 1.45 mm (1.60). The increased median tumor thickness in GG compared with TT+TG genotype was statistically significant (P¼0.03). Moreover, Firoz et al. found that the Breslow thickness median was higher in GG subjects than TT subjects for both women and men, but this difference was not statistically significant. 10 No significant associations with metastasis were found in total patients (Table 3 ). There was a significant decreased risk to have metastasis for women with TG or RP genotype, but given the low number of patients with metastasis this result should be taken with caution.
DISCUSSION
The MDM2 SNP309 and p53 Arg72Pro polymorphisms were examined in an Italian population of 249 CM patients and 291 cancer-free control to establish any associations between SNP309, Arg72Pro genotypes and CM. In CM cohort both SNPs were also analyzed with respect to age at cancer diagnosis and pathological variables. Our results showed no association between SNP309, Arg72Pro genotypes and the risk of CM. On the other hand the SNP309 GG genotype was associated with thick tumors, but no effect was found on age at cancer diagnosis and metastasis. Genotypes of SNP309, the closest SNP344 and Arg72Pro were distributed in accordance with Hardy-Weinberg equilibrium in controls and genotype frequencies were in broad agreement with those in previously published studies of Caucasian subjects. 9, 18, 24 This provides additional validation of both the genotyping methodology and representative nature of the control group used in this study. Melanoma risk is determined by a large number of variables. We have recently demonstrated that a predict functional SNP of BMP4 could influence the susceptibility to CM 26 and other genetic associations with the risk of CM have been found. 27 The association between MDM2 SNP309 and tumor risk has been evaluated in diverse populations including diverse tumor types (lung, breast, colorectal, bladder, ovarian and so on). 9 To our knowledge, this is the first study investigating the role of MDM2 SNP309 polymorphism in CM patients and healthy controls composed of women and men. Recently, an analysis of this polymorphism and skin cancer risk was published using patients and controls from the Nurses Health Study. 11 Using a women population of 218 melanoma patients and 851 controls, no significant associations were observed between SNP309, Arg72Pro and risk of CM. 11 There were also no statistically significant associations with risk of basal cell carcinoma or squamous cell carcinoma. 11 These results are in accordance with ours. Of note, the SNP309 genotype frequencies between women cases and women controls in our and their population were very similar. This strengths the evidence of non-association between SNP309 and CM development. In addition, we also observed no genetic association among men and when all subjects (women and men) were pooled. Taken together, our results and literature data support the evidence that the MDM2 SNP309 polymorphism does not influence the risk of CM in women and in men of Caucasian origin.
In an other study, the MDM2 SNP309 was associated with an earlier age of CM in women. 10 The greatest OR for the diagnosis of CM among women with a SNP309 GG genotype was for those o40 years of age. 10 Here, we observed no association with age at diagnosis both among women and men even when an estimate of the risk of CM by age group was performed (data not shown). Also the abovementioned study 11 found no significant associations among the MDM2 SNP309 and age of diagnosis in women with CM as well as in women with basal cell carcinoma or squamous cell carcinoma. Statistically robust observations made in six independent patient populations and four different tumor types (diffuse large B-cell lymphoma, soft tissue sarcoma, invasive ductal carcinoma of the breast and colorectal cancer) support the hypothesis that MDM2 SNP309 GG genotype may accelerate tumor formation in a gender-specific and hormonaldependent manner. 28, 29 In these studies, the differences in tumor onset were observed when patients were divided into 'premenopausal' and 'postmenopausal' groups. The role of this polymorphism in influencing the age at diagnosis of CM remains controversial. It should be MDM2 and p53 polymorphisms and cutaneous melanoma M Capasso et al Table 3 Association of MDM2 SNP309 and p53 Arg72Pro genotype and clinicopathological characteristics in total patients with invasive CM and stratified according to gender clarified in follow-up replication studies having information regarding the menopausal status at the time of melanoma, missing in this and the other two previously published studies. 10, 11 Breslow thickness is the most powerful histopathological predictor of melanoma progression currently known. 25, 30, 31 Therefore, investigation of MDM2 SNP309 genotypes in terms of tumor Breslow thickness was of particular interest. SNP309 genotypes were compared among patients stratified according to the clinically significant cutoff point of 0.75 mm. 25 The SNP309 GG genotype appeared to be associated with tumors thicker (40.75 mm) when compared with TT and TG, supporting the evidence that the GG genotype may confer risk for increasing of melanoma tumor while both TT and TG genotype may have a protective effect. This genetic association was not found to be gender specific.
The median tumor Breslow thickness of GG carriers was found significantly increased. Firoz et al. evaluated the association between median tumor thickness and SNP309 genotype in 89 women and 127 men with CM separately, and no significant associations were found. 10 However, the median of GG carriers was higher than that of TT carriers for both women and men. They did not mention whether analyses based on the entire population (women and men pooled), genetic models of association and patients stratified according to a clinically significant cutoff were performed.
From this preliminary study, the SNP309 GG genotype in the Italian melanoma population therefore seems to correlate with a poor prognostic indicator, although a larger cohort would be required to verify these findings. However, this finding seems to be in line with the well-documented functional relevance of this SNP. A model was proposed that the G-allele in the promoter of MDM2 increases the DNA-binding affinity of the transcriptional activator, Sp1, which results in high levels of MDM2 mRNA and protein in human cells and the subsequent attenuation of the p53 pathway that favors the tumor formation. 4 Furthermore, patients with B-cell chronic lymphocytic leukemia and renal cell carcinoma carrying the GG genotype were reported to have higher levels of MDM2 protein in tumor cells and to show worse prognosis and low survival. 14, 32 We thus hypothesize that the CM patients carrying the GG genotype may have higher levels of MDM2 and so a subsequent attenuation of the p53 pathway could favourite a worst prognosis. This hypothesis is supported by the fact that CM belongs to a group of tumors for which p53 mutations are rare (0-10%), indicating that other events are contributing to p53 inactivation. 33 The genetic model of MDM2 SNP309 proposed by Bond et al. might be one of these events. 4 Further efforts are clearly required to elucidate the potential role of SNP309 in CM.
The results of this paper suggest that, in a model of recessive inheritance, SNP309 G allele has no effect on the risk of CM, but it might influence the prognosis. These are in line with a recently published meta-analysis on MDM2 SNP309 and cancer risk. 9 It supports the evidence that this polymorphism, based on a recessive model for the G allele, has little or no effect on the risk of common cancers, but it might modify the time of tumor onset and prognosis. 9 Studies in other cancers have reported a combined effect of both MDM2 and p53 polymorphisms on cancer risk and survival. [12] [13] [14] In our study, we found no association with risk of CM when the genotypes of the two SNPs were combined. The effect of p53 Arg72Pro on melanoma remains controversial, with some studies reporting associations between melanoma and the PP genotype 17, 19 and others reporting associations between melanoma and the RR genotype. 18, 20 Moreover, here we report that the distribution of p53 Arg72Pro genotypes do not vary by age, gender or Breslow thickness.
A significant increase of the TG and RP genotype frequencies were observed in women without metastasis. We have no immediate biological explanation for this sex-specific association. It may have been due to chance in the subgroup analysis, as the number of patients with metastasis was low (total 33). Nonetheless, this finding warrant further studies in different and larger populations.
In conclusion, within this Italian population, the MDM2 309 polymorphism was found to associate with thick tumors (Breslow thickness 40.75 mm) but had no impact on the age of diagnosis and the presence of metastasis for CM. However, as the Breslow thickness is widely considered as the most important single prognostic indicator in melanoma, this finding might have, in future, implication in improving the management of melanoma with performing a more accurate diagnosis and more precise programs of prevention of disease. Furthermore, this study confirms that the SNP309 is not associated with the risk of CM as already demonstrated in a Caucasian female population.
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